important a part in the causation of blackleg. Some of the misunderstanding was undoubtedly due to the lack of accurate knowledge of the essential distinguishing characters of Cl. chauvoei, and much of the credit for putting our knowledge of anaerobes generally on a sure footing must go to workers of the Medical Research Council-e.g. Miss Muriel Robertson-during and soon after the Great War, and to American workers-especially Hilda H. Heller, who was able to show that Cl. chauvoei had its own special recognizable characters and that many of the cultures labelled Cl. chauvoei were either contaminated with other anaerobic bacteria or were cultures of some other organism. Credit must also be given to Zeissler and to Weinberg for their work on purifying anaerobes.
For a long time past methods have been practised in the field for the prevention of blackleg. They consisted mainly in the injection of infected muscle or of attenuated cultures and though they were attended by some loss from actual infection, the degree and incidence of immunity conferred was apparently high. The use of natural aggressins and later, filtrates of pure cultures of Cl. chauvoei, was adopted, and again the degree of protection, as demonstrated both by laboratory and field trials, was high. More recently the use of formalinized whole culture has been explored and found efficient, and is probably the most widely adopted method of immunization. The immunization against Cl. chauvoei infection cannot be passed over without reference to the work of Henderson, who showed that the pure " 0 " antigen is a powerful immunizing agent. We owe much to Henderson for his work on this and other anaerobes and especially for the method which he devised for testing immunity in laboratory animals. Cl. chauvcei seemed to differ from other pathogenic anaerobes in its failure to produce a soluble toxin. It has recently been demonstrated by Mason that, under certain conditions, a toxin may be produced. Mason showed that in culture filtrates two antigens were present-a toxin and a heat-stable antigen. The toxin is capable of stimulating antitoxin production but, on the other hand, Mason produced evidence to show that it was capable of being neutralized by-in addition to its specific antitoxin-Cl. 8eptique antitoxin and, to some slight extent, by serum of apparently normal bovines and rabbits. Mason agrees with Henderson, however, that the heat-stable antigen is the important agent in the production of immunity to Cl. chauvci. The use of the heat-stable " 0 " antigen has not been adopted in field work, largely I think, because of the lack of a simple method of preparation. Its great advantage would be its safety, and one can foresee its general application provided its preparation was economical. Within recent years it has been shown that infection with Cl. chauvcei may occur in certain districts following injury to the genital tract in sheep during the act of parturition. It has also been demonstrated that an antiserum produced in horses by repeated injections of the filtrate of Cl. chauvoei will prevent the infection.
Cl. septique.-Though Cl. septique has been known to be associated with blackleglike diseases of cattle and sheep in some localities, its importance in animal husbandry mostly concerns sheep, in which animal it gives rise to the disease termed " braxy ". This disease is commonly found in certain parts of Great Britain, especially in some districts of Scotland and North Wales, but it also occurs in Iceland and in Scandinavian countries. Previous to the investigations of Gaiger in Scotland, an anaerobe had been isolated from sheep affected with " bradsot " or braxy, in Norway by Ivan Nielsen, and in Iceland by Jensen. It was Gaiger, however, who first showed that Cl. septique was the organism associated with the disease and that the organisms isolated by the above workers were also Cl. septique. (It is to be noted that braxy or bradsot, as described in Germany and investigated by Zeissler, is not similar to that in Scotland, &c., and that the associated organism is not Cl. septique but Cl. gigas-an organism of the Cl. oedematiens type.) Gaiger, with whom I had the honour to be 'associated in his work, realized early that it was impossible to carry out investigations into microbial diseases of sheep 2 60 unless the sick animal was observed and killed for examination. The older researches on sheep-disease problems, by workers like Hamilton, McGowan, &c., broke down because of their failure to observe this essential point, and much of their work is thereby misleading.
Gaiger's work on braxy marked the beginning of a new era in connexion with sheep diseases generally. There had been a lack of precise knowledge concerning any of the important diseases affecting sheep. Gaiger's methods opened up possibilities of field researches which since his time have produced much of the information we now possess. For preventing braxy in the field Jensen used a suspension of spores of Cl. septique with an appropriate dose of antitoxin. Gaiger replaced this method by the use of toxin alone, suitably diluted, and for some years this method was practised with satisfactory results. Later, however, it gave place to the use of an underneutralized toxin-antitoxin mixture, in which toxin of high potency was used. The credit for the introduction of this method belongs to Allen and Bosworth who, in addition, showed that sheep could be immunized concurrently against Cl. chauvcei and Cl. septique. Eventually the use of a formalinized whole culture was adopted and is now largely practised in this country.
In connexion with Cl. septique, Henderson has shown that an active antibacterial immunity can be established by the use of pure " 0 " antigen, and that the immunity so established is as effective against infection as the immunity produced by the elaboration or injection of specific antitoxin. This finding raises a most interesting and important immunological question concerning the toxigenic anaerobes. Cl. septique produces a powerful toxin in culture and in the animal body, and a highly potent specific antitoxin can be produced artificially. Craddock and Parish demonstrated that a requisite dose of this antitoxin would prevent death or symptoms of illness in mice previously injected with cultures of Cl. septique, provided that the interval between the infection and the administration of the antitoxin was short.
Henderson, on the other hand, produced evidence that a high degree of immunity against culture infection was set up by the use of " 0 " antigen following which antibodies were produced without any evidence of antitoxin. At first sight these findings may seem to be definitely contrary to one another. Apparently the explanation is that both may be correct. Henderson's experiments dealt with pure antibacterial infection, and it would seem that after infection with Cl. septique the organisms must multiply locally before toxin production can take place. The immunity engendered by " 0 " antigen is sufficient to prevent this occurring to any great extent and thus little or no toxin is produced. On the other hand, in the prevention of illness by the use of antitoxin, the organisms may multiply in situ, but any toxin elaborated is quickly neutralized by the circulating antitoxin. Till Henderson's work was carried out, some doubt existed concerning the ability of dead or killed organisms (anaerobes) to stimulate the production of immunity. His work clearly indicates that there is no necessity to suppose the presence of living organisms, and also that immunization by means of formalinized whole culture is superior to others, because it is likely that the heat-labile " H " antigen also plays an important part in immunization.
Cl. welchii.-Probably the most interesting group of pathogenic anaerobes is Cl. welchii. Till about 1922, it was assumed that Cl. wetchii represented a single group with minor differences within the group. The production of a toxin was recognized and the part played by Cl. weltchii in the causation of gas-gangrene in the human subject was known. It was not till work on a disease of sheep-lamb dysenterywas in progress that important differences were shown to exist within the group. The association of Cl. welchii with this disease was established by its occurrence in the intestine of affected lambs and, at a later date, it was shown that it was only on rare occasions that the organisms invaded important tissues, the pathogenic effects being caused by the toxin elaborated in the intestine and absorbed therefrom. Laboratory tests soon showed that the strains recovered from affected lambs differed materially from classical Cl. welchii. The biochemical difference was small, but the difference of the toxin produced was very apparent, especially with regard to its potency and its power to haemolyse red blood-cells.
A further difference became apparent when antitoxin production was studied, for whereas the antitoxin produced by this new strain neutralized equally its own toxin and that of classical Cl. welchii, the antitoxin of classical Cl. welchii neutralized only its own toxin. It appeared, therefore, at this stage of the investigations, that the new strain of Cl. welchii had the power of producing a toxin which contained the toxin produced by classical Cl. welchii with, in addition, some extra element. Soon a further type of Cl. welchii was isolated-again from sheep. McEwen, working on a disease of young sheep in Kent, isolated an organism which possessed some of the characters of Cl. welchii. This organism and its toxin seemed to have much in common with the lamb dysentery strains, though following further research, it became evident that in some cases the antitoxin from McEwen's organism failed to neutralize the toxin produced by the lamb dysentery strains. It was obvious that the McEwen strains differed frrom the classical strains in that they produced toxin containing some extra element, and that the lamb dysentery strains contained that same extra element with probably a further additional element.
It was from Australia (Bennetts), New Zealand (Gill), and Tasmania (Oxer), that the next development was recorded. These workers independently isolated a further type of Cl. welchii which had apparently some relationship with McEwen's strain but had much more in common with the lamb dysentery types. Soon after these observations were recorded, Montgomerie and others isolated a similar type of Cl. welchii in sheep in this country. It remained for Wilsdon to study these types of Cl. welchii and he grouped them into four types according to their toxigenic factors. Glenny and his co-workers also studied these strains and pointed out that it was not sufficient to adopt Wilsdon's classification, for it was possible to show that the recognition of toxins produced by the various members of the group (five in all) varied according to the methods employed for their demonstration. The following table illustrates the correlation between the findings of Wilsdon and Glenny. Investigations have now shown that all four types are more commonly found than was formerly believed but, so far as I know, only Type A, i.e. classical Cl. welchii, has been found in human beings.
In sheep the various types produce their toxins in the alimentary canal, and by suitable tests it is fairly easy to establish the type of toxin present. Many interesting observations have been made concerning this group in sheep. Roberts recently has demonstrated, in some measure, how the state of acidity and the amount of milk in the stomach of the lamb influences the production of the e type of toxin. Bosworth and Glover demonstrated how the action of trypsin can accentuate the degree of toxicity of the same toxin. Dalling and Ross have shown (in a paper in the Press) how different types of toxin may be found in the same sick lamb, and point out how unreliable it is to classify the toxin-producing organism unless it is given every facility to produce all types of toxin. They also discuss the conditions necessary for the production of the various toxins by the various types of Cl. welchii under artificial conditions. This would appear to have an important practical bearing for, in the prevention of such toxaemias in sheep, it is possible to make use of antigens and anti-toxins against the various toxic elements. Unless it is certain that only one type of toxin is being produced-to the total exclusion of the others-it would seem to be advisable to use antigens or antitoxin containing all the various elements.
It has been clearly demonstrated that infections by this group can be prevented by the use of vaccines or by antitoxins. A simple but unique method of immunization has been worked out. Lamb dysentery may attack the lamb when a few hours old. Although in many districts it is possible to protect the lamb by injecting antitoxin soon after birth, in others, because of the system of farming, this is not possible, and it is necessary to immunize the lamb via its mother. We were able to show that the immunization of the mother does not result in the birth of an immunized lamb. We found, however, that the colostrum of the immune mother contains antibodies in a concentration much higher than that found in her circulating blood, and that the partaking of this substance renders the lamb immune within a few hours. The antibodies can continue to pass from the alimentary canal into the general circulation from birth till the lamb is about four days old.
The method in practice consists in injecting the mother-sheep with formalinized whole culture on two occasions, with a long interval between the doses, the second dose being given a few days before parturition so that immunity is high when the lamb is born. The first dose lays down a primary immunity and the second dose causes a rapid and extensive rise. If a solid primary immunity has been established during the first breeding year of the sheep's life, one dose each following year, just before lambing takes place, appears to be a sufficient stimulus to establish the necessary amount of immunity to protect the lamb. The important thing is to ensure that the lamb or sheep is protected against all the toxins that may be elaborated.
Cl. oedematiens.-This anaerobe may cause losses in sheep and cattle in this country, but it is in Australia that its presence seems to be of the greatest importance, since there it has been shown that the disease of sheep referred to as " black disease " is associated with its presence in the tissues. Dodd in 1921 recognized the disease as being caused by an anaerobe, but it was not till 1927 that Albiston and Turner and Davesne, working independently, identified the anaerobe. In 1928 Edgar demonstrated the presence of Cl. oedematien8 in the livers of apparently healthy sheep in black-disease districts and demonstrated the interesting association of this organism and the liver-fluke parasite. It is apparently only when destruction of the liver parenchyma occurs-usually by the entrance of the immature fluke-that the organism is able to exert its toxigenic effects. In Australia, therefore, two methods can be adopted to prevent infection of sheep by Cl. cedematiens: (1) the prevention of fluke infestation, and (2) the immunization of the sheep against the organism by the use of formalinized whole culture. Both methods are used to-day.
In certain parts of Germany a disease of sheep is associated with the organism isolated by Zeissler and termed Cl. gigas. This organism has many of the qualities of Cl. oedematiens-differing mostly in size (hence its name). It may be that further research will reveal differences in the types of Cl. cvdematiens somewhat similar to those pertaining to Cl. welchii.
Cl. botulinum.-I do not propose to say much concerning this organism except to point out that several types are recognized and that probably there is some overlapping, as occurs in the Cl. welchii group. The work in South Africa seems to indicate that this is the case, Types C and D being now recognized.
You are, no doubt, familiar with the work of Theiler and his school who found Cl. botulinum infection in cattle following the eating of bones, and with the researches into this condition which ultimately demonstrated the deficiency of calcium-phosphorus in the grazings, a deficiency which the cattle attempted to make good by eating the bones of dead animals in some of which Cl. botulinum was present. In Australia, Bennetts and his colleagues have shown that botulism may occur in sheep and cattle by the ingestion of carrion containing the toxin of Cl. botulinum. Recently published articles from South Africa and Australia indicate that the use of a formalinized filtrate of the organism is of value in controlling the occurrence of botulism in these animals. It may be advisable in connexion with Cl. botulinum to bear in mind the necessity of ensuring that protection is accorded against all the toxins just as in the case of Cl. welchii infections.
cl. tetani.-Marked progress has been made concerning the recognition, cultivation, and prophylaxis of infection by this organism. The laboratory work of Fildes in encouraging the growth of the organism in recognized form stands out markedly.
The use of formalinized toxin or toxoid in the immunization of horses is important, and it is interesting that apparently normal horses have never been shown to possess tetanus antitoxin though they must have many chances of picking up infection throughout their lives, and they thus differ in their reaction to other toxigenic organisms, e.g. Cl. welchii and C. diphtherice. The method of protection of horses against tetanus marks a considerable degree of progress, for though, in some instances, tetanus antitoxin is still used for prophylactic as well as for curative purposes, in districts where the risk of tetanus is well recognized, it is now becoming a common practice to employ active immunization. One dose of potent toxoid will create a considerable degree of active immunity and the formation of antitoxin can often be demonstrated. A second dose, injected a few weeks or months later, causes a rapid and extensive rise in the degree of immunity and the amount of demonstrable antitoxin. Horses so immunized will withstand natural infection probably for years. It is of interest that it is laid down by official regulation that horses used for the purpose of producing antisera must be immunized against tetanus, and that in many serum-producing establishments the toxoid method is that in common use.
It is naturally outside my province to discuss immunization of human beings but in passing it may not be out of place to mention the possibility, in the case of war, of actively immunizing persons likely to be exposed to infection by Cl. tetani. As far as horses are concerned it would seem to be of the highest importance to adopt such a procedure.
I would point out in connexion with these remarks on anaerobes that the progress attained has been largely due to co-operation between workers trained in the various sciences, and much has been based on some of the original work of Glenny, Ramon, and others, concerning the methods of diphtheria immunization.
VIRUS INFECTIONS OF ANIMALS
I think it can be claimed definitely that work carried out in connexion with virus diseases of animals has a bearing of considerable moment concerning diseases of human beings, caused by similar types of infection. We remember, of course, that one of the oldest recognized diseases caused by a filtrable virus was foot-and-mouth disease.
The production of immunity against virus diseases has advanced considerably of late. The recognition of the presence of virus in the tissues of affected animals has led to the adoption of the use of such infected tissues suitably treated in the production of an active immunity. In this connexion the investigations of Laidlaw and Dunkin, on the prevention of canine distemper, must stand out as classical. We have had ample opportunity during recent years of confirming all their observations. It has been clearly established that in order to have a strong persisting active immunity set up in a dog, the animal must have access to live virus. I am well aware that this condition does not apply to all virus infections, but it is certainly true of the virus of canine distemper and of some other viruses affecting animals. "Killed" virus, i.e. virus containing tissue treated with formalin, will on injection, give rise to an immunity of an order sufficiently strong to enable the dog to withstand the effects of many infecting doses of fully virulent virus injected up to three to four weeks later. The " killel " virus, however, only produces a transient immunity and unless reinforced, the immunity will fade till within five or six weeks the dog is again in a 6 highly susceptible condition. A second dose of a similar " killed " virus, injected from three to five weeks after the first, will cause a prolongation of the immunity up to a period of four or five months, but again the immunity fades and the dog again becomes susceptible. If during the period of temporary immunity the animal is exposed to virulent virus, either naturally or by injection, a state of solid, lasting immunity is produced. One of the common methods of immunizing dogs against virus distemper is to inject one dose of " killed " virus followed two or three weeks later by a dose of fully virulent live virus. To ensure that the " killed " virus will set up immunity the tissue used in its preparation must contain a high concentration of virus. Failure to observe this feature results in the production of low-degree immunity or, in many cases, of no demonstrable immunity. A question which has not yet been fully settled is whether the so-called " killed " virus is really dead or is merely inactivated in some manner to such a degree that it fails to infect. All the available tests capable of being applied would indicate that it is really dead, and here I think that the arguments put forward by Bedson in his Presidential address last year apply to the virus of canine distemper in the same measure as to the viruses which he mentioned. Against this may be quoted the occasional case of the dog in which symptoms of true virus infection apparently soon follow the injection of killed virus, and virulent virus is subsequently recovered from the tissues. It has been recorded that viruses may still be alive and virulent in the tissues of apparently immune animals the blood of which contains antibodies. As far as I know, no work on this subject has been carried out in dogs, but it is of interest to note that ferrets infected with virus of low potency may fail to show evidence of infection over a long period and when injected with a virus of high virulence, show typical, severe symptoms of infection within two days, whereas the " normal " susceptible ferret does not manifest evidence of infection, following a similar dose of the same virus, for at least seven or eight days. This would appear to support the contention that a virus may induce a state of tolerance as opposed to immunity and that the tolerance is only such that a " tipping of the balance " will short-cut the original period of incubation.
In the majority of the infections occurring soon after " killed " virus has been injected it has been a fairly simple matter to demonstrate that exposure to infection had occurred at a recent date.
In connexion with distemper virus the question of preservation arises because, of course, in the immunization of dogs against the disease, live, virulent virus is used. Viruses apparently differ considerably in their resistance to external influences. Distemper virus readily dies off when separated from the tissues of the host and much care has to be observed in its preservation outside the animal body. An interesting observation in this connexion was made with fowl-pox virus which is found in the scales which are characteristic of the disease. Provided the scales remain intact, the virus will withstand much rough usage, but the grinding of the scales-with, presumably, the liberation of the virus-results in its early death. I am of the opinion that canine distemper virus soon disappears from infected premises provided that no suspectible animals are present. In this respect the virus of feline enteritis, as shown by Findlay and Hindle, differs considerably, for it is only with the greatest difficulty that premises, fomites, &c., can be rid of infection long after the removal of any susceptible or affected animal. Drying the tissue containing the virus would appear to result in a stable, live product provided that the dried material is not exposed to variation in temperature. It was at one time thought that canine distemper virus, in the form of infected tissue, should be dried to its limit in order to preserve it, but recent work seems to indicate that an optimum amount of water should remain in the dried material in order to ensure its stability over a period.
Formalinized tissue containing virus is being extensively employed in Scotland in the prevention of louping-ill in sheep; the brain, spinal cord, and spleen, of infected sheep are used. It is also being employed in the prevention of rinderpest in some 7 districts in Africa, the spleen of infected cattle being used. In these diseases, the immunity set up by the " killed " virus is sufficient to protect the animals over the desired period and a further injection of live virus is not considered necessary.
Another point of interest is the alteration of the capability of virus to attack different tissues. The work of Findlay must be regarded as of fundamental importance in this respect. The practical value of the method has been amply illustrated in South Africa, following the work of Alexander and his colleagues. African horsesickness-a disease in which the virus is present in the circulating blood-stream caused heavy mortality among imported horses. The former method of immunization was the use of virus and hyper-immune serum. Unfortunately for several reasons, not the least of which was the incidental mortality during immunization, the method could not be regarded as efficient. Alexander was able to " adapt " the virus to the brain of the mouse and after numerous passages from mouse-brain to mouse-brain, succeeded in establishing a virus neurotropic for the mouse which is innocuous for the horse, though retaining its antigenic properties. Up to the present, so far as domesticated animals are concerned, this is the only example of the successful use of this adaptation of viruses for " foreign " tissues. In this connexion it is necessary to remember that a virus which may show affinity for nervous tissue in addition to, say, epithelial tissue, cannot be classified as possessing neurotropic properties. The location of the virus of canine distemper in the brain of the dog is well recognized, but the recovered virus, even if injected directly into the brain of a susceptible dog, still sets up the recognized symptoms of the disease without any nervous complications. If the same virus is injected into the brain of a dog immunized against the virus no symptoms are observed, the dog behaving exactly as if it were exposed to natural infection or as if the virus was injected by the subcutaneous route.
The effect of virus on allied species of animals is of considerable interest. The virus of canine distemper infects the dog, the fox, and animals of the ferret type. (Incidentally, it has been recovered from two outbreaks of distemper in foxes bred in captivity in this country.) The virus recovered from an affected dog will readily set up infection in the ferret, and vice versa, but the same virus may not give rise to symptoms in the fox till it has been passaged in that animal on several occasions. Once the infection has been established in that animal, it apparently infects any susceptible animal-dog, fox, or ferret. Apparently, therefore, the question of tissue response has a bearing on infection. It is of interest to record that for the fox there is a virus which sets up a true encephalomyelitis. Green, working in America, isolated the virus in question. Innes and I have carried out a few experiments with it, in which we have shown that it differs entirely from that giving rise to canine distemper. It fails to infect ferrets and only infects dogs when injected directly into the brain. By this route it infects equally dogs susceptible, or immune, to canine-distemper virus and sets up a train of symptoms associated entirely with the nervous system and differing markedly from those following injection of the canine-distemper virus by any route. As far as I know, this fox-encephalitis virus has not been recovered from dogs in this country. Concerning the immunizing value of canine distemper virus from these animals, live virus from any of them will readily immunize any of the other animals, but it has been definitely shown that " killed " virus of one origin will only with difficulty cause the development of sufficient immunity to resist the effects of live, virulent virus from the same animal source; it often happens that several doses correctly spaced are required, e.g. immunizing ferrets with viruscontaining tissue of dog origin.
The production of immune serum (anti-virus) against viruses affecting domesticated animals is, in many cases, easily accomplished, though with other viruses there appears to be some doubt whether specific antibodies are developed. Thus the immunization and hyperimmunization of dogs against the virus of canine distemper with the production of high-titre antiserum is a comparatively easy procedure. It is a fairly simple matter to demonstrate the presence of antivirus in dog serum, the methods in common use being the complement-fixation test, the test whereby falling doses of serum are kept in contact with a fixed dose of dried, stable virus for a fixed time before injection into the ferret, and the in vivo test in which susceptible dogs are injected with a fixed dose of virus and later with falling doses of serum. In our experience these methods are complementary.
It would be unfair to pass from immunization against canine-distemper virus infection without mentioning the use of hyperimmune serum and virus-a method which is largely used to-day with apparently successful results. It consists in injecting a dose of virulent virus and controlling its effects by the injection of hyperimmune serum. Apparently the amount of serum, provided it is sufficient to prevent the appearance of symptoms of virus infection, is not important. A further method which has possibilities, though it has not yet been fully worked out, is that recorded by Perdrau and Todd, namely, inactivating virus by the action of methylene blue and irradiation. We carried out some experiments on this subject a few years ago and showed that it was possible to alter the virus so that it was no longer infective in large doses but was highly antigenic. Economic difficulties may prevent its being adopted in practice.
One of the most interesting features of virus infection is that of the a-companying infective agents. Concerning canine distemper virus infection, a train of mild symptoms only is set up if secondary organisms are entirely excluded. Many dogs suffer naturally from such a pure infection and in many cases the symptoms may be so mild as to pass unnoticed. One of the gross " pure " complications is involvement of the nervous system-so-called chorea. Usually, however, complications due to invasion of affected tissues with micro-organisms take place, e.g. pneumonia, &c., from B. bronchisepticus and streptococci, gastro-enteritis from various Salmonellas, &c. The presence of these complicating micro-organisms has, in the past, led to errors in research results, e.g. B. bronchisepticus regarded as the cause of canine distemper. A point on which disagreement still exists is whether these secondary infections can primarily cause disease in the absence of virus. My view is that, occasionally, the organisms may have attained such a degree of virulence that they may, per se, set up infection in dogs immune to virus infection. We were able, under experimental conditions, to show that B. bronchisepticus, passaged through dogs, on several occasions was capable of setting up infection in dogs we had already immunized against virus infection. It may be noted, in passing, that recent work in Germany (Waldmann) and in Northern Ireland (Lamont and Shanks) indicates that in these countries the same conditions for the production of swine influenza hold good, as in Shope's experiences in America, namely, the association of virus and a strain of the heemophilus type of organism. In canine distemper, feline enteritis, and some varieties of coryza in poultry, the association of micro-organisms with the virus is well known and is responsible for the essential symptoms associated with these diseases, but on the other hand, contrary to the findings in swine influenza, the viruses themselves can and do cause symptoms of disease.
The subject of viruses cannot be dismissed without reference to the work of Galloway, especially concerning the filtration and measuring of viruses, and that of Burnett concerning the cultivation of viruses on the chorio-allantoic membrane of developing eggs, work which will undoubtedly lead to advance in the study of viruses themselves and methods of immunization against them.
DISEASES DUE TO MINERAL DEFICIENCIES
A group of diseases now receiving much attention is that associated with mineral deficiencies. There may be a sudden deficiency of a large amount of the mineral available but, on the other hand, the disease process may be gradual, the symptoms appearing over a period while the deficiency lasts. In connexion with these diseases, the so-called trace elements must be considered concerning their influence on the health of animals, and in their relationship to the occurrence of disease. It would be impossible here to go into this subject to any extent, but I would mention examples of two main conditions. Milk fever in cows was investigated by Dryerre and Greig in Edinburgh, and was shown to be associated with a sudden fall in the calcium content of the blood. The deficiency may occur quite suddenly, though in some cases there is evidence of an abnormally low content prior to the occurrence of symptoms soon after parturition. The supplying of calcium (by the subcutaneous injection of a soluble solution of calcium, e.g. calcium borogluconate) causes rapid recovery, and it appears that the administration of calcium per os for a period prior to parturition may prevent the occurrence of the disease.
Lactation tetany is a disease which occurs suddenly and may appear in cattle soon after being put to graze in the spring, after having been housed for the winter. There is some evidence that the quality and quantity of the grass eaten by the animals may have a bearing on its occurrence. It has been shown that a deficiency of magnesium in the blood is associated with the occurrence of lactation tetany, and here again there may be a sudden drop in the amount present though, in some cases, there is evidently a prolonged period of low magnesium content. The supply of magnesium, in the form of a subcutaneous injection of magnesium sulphate, is often followed by rapid recovery. In some instances low blood content of both calcium and magnesium have been recorded, and the administration of both substances has been found necessary to effect recovery from an attack.
With regard to the more gradual effects of deficiency of minerals I will give three examples. There occurs in young suckling pigs a form of anaemia associated with a, deficiency of iron. This deficiency undoubtedly originates in the mother pig and the piglets are born without a sufficiency of reserve iron in their tissues and, further, do not receive a sufficient amount in the milk from the mother. It is a simple matter to correct this deficiency by administering iron to the young pigs by mouth-apparently the iron fed to the lactating mother is not passed on to the suckling piglets.
In some districts in Scotland a disease referred to as " pine " affects cattle and sheep. For its prevention and cure, removal of the animals to other districts for a period of time each year is practised. Though iron was for some time believed to be the deficient mineral and though good results in prevention and cure followed the administration of iron compounds, there is now much evidence that the deficient mineral is really cobalt. Evidently the good effect of the feeding of the iron compounds was not due to the iron, per se, but to the traces of cobalt contained in such compounds, the cobalt acting as a catalyst in the assimilation of the iron. Some experiments carried out recently in the South of Scotland strongly support this theory.
In many parts of Britain and in parts of Australia, South America, and India, there exists a disease in lambs and young sheep termed " swayback ", which is characterized by ataxia. Innes, working in this country, demonstrated the pathology of the condition as a demyelination of the white matter of the central nervous system and is of the opinion that histo-pathologically, at least, the disease is akin to Schilder's disease in man. The aetiology of the condition remained obscure for some time. At one time Bennetts, working in South Australia, propounded the theory that the cause was a form of lead-poisoning and gave as evidence the finding that the feeding of a " de-leading " agent-calcium chloride-appeared to prevent its occurrence. Later, he altered his views, chiefly because of the failure of this treatment in some cases and his inability to demonstrate lead in the tissues of affected animals. He then proceeded to examine the tissues of affected lambs more fully and found a gross deficiency of copper. He showed, further, that the tissues of the mothers of the affected lambs were deficient in copper and that there was present a type of anaemia Section of Comparative Medicine associated with copper deficiency. Feeding with pure copper sulphate resulted in prevention and cure of the condition, and in this country there is some indication that similar treatment is also effective. While we in this country cannot subscribe entirely to the findings in Australia, especially concerning the specific anaemia accompanying the disease, we are so much impressed by the work carried out in Australia and in this country on the copper deficiency, that a large-scale experiment, to be carried out next spring has been planned, in which, among other things, the value of feeding copper to pregnant sheep in an area in which the disease is endemic, with adequate controls, will be investigated. It is significant that, both in this country and in Australia, the pastures in the affected areas show no deficiency in copper. There is some evidence in this country that, in some affected areas at least, the presence of lead is excessive in the soil and the amount of lead in the tissues of affected animals is considerable.
A vast field for investigation is now being opened up concerning the influence of excess and deficiencies of minerals which exist normally in animals in " trace " amounts, on the occurrence of diseases, specific and otherwise. The good services of the chemist and nutritionist will be essential in any investigations on this subject, which will have, not merely to embrace the establishing of the quantities of minerals in soil, food, tissues, &c., but to be concerned with assimilation of minerals under many varying conditions.
LYMPHOMATOSIS IN FOWLS
Had time permitted it might have been of interest to review the position of our knowledge concerning some of the other diseases of domesticated animals. One could have said much on mastitis in cows and the work carried out on associated streptococci and other micro-organisms by Minett and his school. One would also have liked to consider the position of research into contagious abortion in cattle, especially its relation to human infection, and the use of killed vaccines and chemical compounds in its prevention and control. It also might have proved instructive to review the position concerning the control of tuberculosis in cattle with special reference to the use of different types of tuberculin as a diagnostic agent and the immunizing values of vaccines like B.C.G., &c., which have been studied by Buxton and his colleagues. It would also have been profitable to consider our knowledge on Johne's disease and the value of different types of the agent Johnin in diagnosis. I must content myself to leave these matters to others to deal with on some future occasion. I cannot, however, conclude this address without brief reference to the disease affecting poultry, which is giving rise to such heavy losses throughout practically the whole world. I refer, of course, to " fowl paralysis ", "neurolymphomatosis ", or, as I like to name the condition, " lymphomatosis ".
It was Marek who first described the condition, and in this country Galloway drew attention to its occurrence and McGaughey described the symptoms and lesions.
The histo-pathology is now well established, the lesions consisting of accumulations of cells of the lymphoid series, especially in nervous tissue, including the central nervous system and the peripheral nerves. They also occur in other tissues, especially the ovary, where they may give rise to tumour-like bodies of large size. Some difference of opinion exists concerning their invasion of other tissues, but there seems little doubt that masses of such cells may be found in practically all the tissues of affected fowls, including the eye and its appendages. On the whole, little progress has been made concerning our knowledge of this disease during very recent years. We know that certain strains of fowls are more susceptible to the condition than others, that in susceptible strains certain individuals, male and female, apparently give rise to progeny which are highly susceptible to the naturally occurring disease and that the disease itself, or the tendency to develop the disease, is passed from the parent to the offspring through the egg. It is also recognized that the clinical 11 manifestations of the disease may become eliminated from a flock by continuous breeding from the survivors and that the disease may apparently be introduced into a flock by the importation of stock from an affected source. Usually the disease remains localized to the progeny of the imported stock but it may, at a later date, appear among the progeny of the home stock.
The cause has not yet been established, though there is much evidence that the disease can be set up artificially by the injection of emulsions of affected tissues. The incidence of infection following such injections varies considerably with the stock, but there seems no doubt that transmission can be accomplished. No results have yet been forthcoming following the injection of filtrates of affected tissue emulsions.
At Cambridge there exists a group of fowls which has been inbred for five generations from the survivors of an outbreak of fowl paralysis. For the past three years (i.e. the last three generations) no clinical evidence of the disease has been observed. It was thought that these birds might, by breeding, have developed an immunity of some type. On testing the fifth generation by the injection of affected tissue suspensions, a high incidence of infection occurred; this is somewhat contrary to what was expected. However, this stock can now be used for a variety of experiments in the knowledge that it will respond well to artificial infection. A noteworthy feature concerning the incidence of this disease is that it is usually accompanied by a high incidence of mortality in apparently non-affected fowls of the same strain, the causes of death being of an indefinite nature but usually involving the genital or alimentary system. It has also been established that microscopical examination of tissues is essential in diagnosing the condition, as the clinical appearance of the fowl, or the macroscopic appearance of the peripheral nerves, is not a sure indication of its presence.
Some recent investigations carried out in Aberdeen and in Cambridge lend support to the view that some infective agent is the root cause of fowl paralysis; the nature of the infection, if any, is, however, still obscure.
There is a growing feeling among those of us who have studied this disease and made observations on its occurrence and transmission that its cause may be closely linked up with that of tumour-formation generally. For this reason we welcome the information that it may be possible in the near future for intensive work on this and allied diseases in fowls to be undertaken by a group of workers representing various branches of scientific training. From such a concentrated effort not only may the nature of lymphomatosis in fowls be finally settled, but the results may have much bearing on diseases of a somewhat similar nature in the human subject and in domesticated animals. CONCLUSION This address was prepared mainly to indicate the progress of our knowledge of the diseases affecting our domesticated animals. I am fully aware that it is but a sketchy and inadequate contribution, but I feel I may have been able to impress on this Section that, thanks to better training and to the close collaboration of workers in the various branches of science, we are steadily making progress. There is no doubt that every observation properly controlled is a step forward in the study of scientific problems and in the maintenance of a healthy population of both human and animal life.
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